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The Fraunhofer-Gesellschaft

M 66 institutes and independent
research units

B more than 22,000 employees

Fraunhofer Institute for
Building Physics

m > 430 employees

@ budget: 29.3 million Euro (2013)

® Core competences:
B Acoustics, noise control

B Energy efficiency, building systems
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Statistics Germany

Building stock
1 500 000

® residential buildings

@ non-residential
buildings

B Good statistical data on residential buildings: types, age, status, energy supply,
ownership

B Limited statistical data on non-residential buildings: further analyses needed

B Energy efficiency strategy for buildings of the Federal Ministry of Economy is
concentrating on residential buildings
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Statistics Germany

Residential building stock

7,02

Million buildings
O F N W + 01 O N ©

until 1919 1919 - 1949 1949 - 1978 1979 - 1995 1996 - 2002 2003 - 2009 2010 - 2011
(1./2. WSVo) (3. WSVo) (EnEV 02/07) (EnEV 09)

® 11.72 million houses have been built with no specific U-value requirements in place

(Basic U-values for mould and moisture prevention, some renovations have been made
in between)
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Statistics Germany

Residential buildings

B single-family houses
@ multi-family houses

M Single-family houses: 1 or 2 residential units

® Multi-family houses contain 53% of the residential units

B Building sector corresponds to nearly 40% of the total final energy use in Germany

© Fraunhofer IBP
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Energy Renovation in Germany: Legal Requirements

B Renovation has to stay voluntary
B Specific legal retrofitting obligations (Nachrustverpflichtung):

B Replacement of heating boilers installed before 1985
(older than 30 years)

M Insulation of distribution pipes in unheated areas
B Insulation of the ceiling to the attic
-> should be profitable very quickly

B Maximum U-values for the installation, replacement and renewal of building
components (major renovations, EPBD):

m Wall: Uax = 0.35 W/im2K
® Windows: U = 1.3 W/m2K
B Pitched roof: U, . = 0.24 W/m2K
® Flat roof: U = 0.20 W/m2K
B Cellar ceiling/base plate: U = 0.50 W/m2K

B Whole building renovation: 140% of the primary energy requirement for new
buildings
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Energy Renovation in Germany: Renovation Rate

® dena (Germany Energy Agency) study:
~ 50% of the 19 million residential buildings are up for renovation
within the next 20 years

B ~ 1 million buildings per year in need of renovation
~ 2.6% of the residential building stock

B Average renovation cycle of the building envelope: ~ 30 - 40 years
-> opportunity to couple renovations with energy efficiency improvement
has to be taken

Current renovation rate of the building envelope: ~ 1% per year
B Exchange rate of the heating system: ~ 3% per year

B Objective of the Energy Concept of the German Government: Doubling of
the renovation rate: from 1% per year to 2% per year
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Energy Renovation in Germany: Additional Instruments

Research

Financial Initiatives /
subsidies: demon-
e.g. Kfw stration
bank programmes

Local retrofit
standards

© Fraunhofer IBP
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Energy Renovation in Germany: Financial Subsidiel(F\V

Bank aus Verantwortung

B KfW bank (state owned) offers the following financial subsidies:
B Cheap loans: 0.75%
B Maximum 100.000 € / residential unit
B Redemption subsidy up to 27.5%
B Investment subsidy: up to 30.000 € (single-family house),
60.000 € (two residential units)
m Different programms:

B Single measures: insulation of building envelope components, renewal
of windows/doors, installation of mechanical ventilation, renewal of
heating system, optimisation of heating systems

B KfW Efficiency House 55/70/85/ 100/ 115 (= percentage of primary
energy requirements for new buildings)

B Subsidies grow with better energy performance

B E.g. investment subsidies: 15% for KfW Efficiency House 115,
30% for KfW Efficiency House 55
B Combinations with RES loans, construction site survey, listed buildings,
adaption to elderly needs

B Additional subsidies for public buildings and B Eraanhofar
retrofit manager of city districts 18P
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Energy Renovation in Germany: Financial Subsidiel(F\V

B Monitoring results of KfW programmes Energy Efficient Retrofit in 2013:
(report of IWU and Fraunhofer IFAM)
M 111,000 approved fundings for 276,000 residential units
B Applied measures:

B [nsulation of the building envelope: as single measure: 55% of the
buildings / within the KfW Efficiency Houses: 98% of the buildings

B New heating system: > 50% / 79%
B Solar thermal or PV: 18% / 48%
B Mechanical ventilation systems (mostly with heat recovery): 6% / 28%

B Total savings of all measures: final energy: 1,745 GWhlyear
primary energy: 2,500 GWhlyear
CO, eq. emissions: 650,000 t/year
heating costs: ~ 200 million €/year

B Investments: KfW: 3.9 billion €, total 6.5 billion €, 1 billion is VAT
® Job creation: 79,000 person-years (80% craftsmen, 20% planners)

B For 1€ the state gets back about 4 €: VAT, less unemployment, more
taxes
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J Federal Office
& for Economic Affairs

Energy Renovation in Germany:
BAFA Market Stimulation Programme

B Investment subsidies for renewable energy systems:

B Solar thermal systems

M Biomass heating systems

B Heat pumps
B Investment subsidies for combined heat and power units (CHP)
B Financial support for energy saving consultancy

B Can be combined with KW promotion programmes
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Energy Renovation in Germany: $|
Research Initiatives / Demonstration Programmes

¥ Building level: EnOB (Energy-Optimised R !: B~ 5
Buildings) www.enob.info _ zf ,{*ikj o B ;‘:\: l

B Demonstration projects for different building ' ' ty "
types with innovative technologies -‘-—__.;1- L e Jmm :

and Enargy

——— okl : i
Energy-efficiency requirements of the energy ' "
ordinance have to be topped by at least

B 30% for non-residential buildings
B 50% for residential buildings

Specific focus on energy efficient schools >— 7
includes schools renovated to 3-liter-house WA e —
level and even plus energy schools &

New technologies: e.qg. prefabricated facade
modules for renovations

Optimisation of building operation


http://www.enob.info.de/

Energy Renovation in Germany: |g
Research Initiatives / Demonstration Programmes

W District level: EnEff:Stadt (Energy-Efficient
Cities) www.eneff-stadt.info

B Demonstration projects for different types of
city quarters

B Energy-efficiency requirements: 30% less
primary energy use than

M Before for existing quarters

B Energy performance requirements of
energy ordinance for new quarters

networks
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B New technologies: Organic rankine cycle
(ORC), absorption cooling, alternative motor
concepts for biogas, low-Ex-technologies

B Planning tools: E.g. GIS-coupled tools,
District ECA

IBP
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Energy Renovation in Germany:
Research Initiatives / Demonstration Programmes

M District level: EnEff:Stadt (Energy-Efficient Cities)

Primary energy [ kWh/m2year ]
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B Accompanying research team analysing and comparing the
demonstration projects

Primary energy of the city quarters

- - Average before
- = Average planned

Before project
Planned

Measured year 2

ol NEE NN EEENEE NN —|v] 2 —|vle — | ] M N E NN
NEHENHEHENEHEHENHEE |zl s|N| | £l &[N £| £ s|N| E|£] s|N|£] £

@ | ©| © | | D) ©| c| D) ol © o | @] D cT| T D [ W © | ©| @ | o

o|o|< o|o|< of o|< o|l@ ol o< ol o< ole olo|< o|o

=y = b= b= == == Z|= Z|= =Z|= =Z|=

Bad Berlin Biberach Braun- Freiburg | Karlsruhe | Landshut | Ludwigs- | Lineburg | Minchen | Stuttgart | Weimar
Aibling | Adlershof: schweig Wein Rintheim burg (Campus) Lilien- Neckar- Zollner-

W.am C. (Campus) garten stralle park viertel

\

~ Fraunhofer
IBP


http://www.enob.info.de/

Energy Renovation in Germany:

Research Initiatives / Demonstration Programmes

M District level: EnEff:Stadt (Energy-Efficient Cities)
www.eneff-stadt.info

Primary energy saving [ % ]
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B Accompanying research team analysing and comparing the

demonstration projects

Primary energy savings of the city quarters
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Energy Renovation in Germany: ‘;%ﬂv
}: t”G Tr\

Regional legal requirements: RES integration .

B Federal State of Baden-Wurttemberg launched a regional requirement
beyond the national requirement

B National requirement EEWarmeG:

B New buildings have to partly use RES for heating (space heating +
DHW): 15% solar thermal, 30% biomass, 50% geothermal or ambient

energy

M Specific combinations fulfilling the requirements given
e.g. solar thermal in SFH: 0.04 m2 apperture area / living area

B Additional local requirement EEWarmeG Baden-Wdurttemberg:

® If the heating system is changed, the heating (space heating +
DHW) has to be covered by 15% with RES -> residential and non-
residential buildings

M Specific options to fulfill are listed
B Replacement measures:
B Increased insulation of building envelope
B Combined heat and power (CHP), district heating, PV
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Energy Renovation in Germany: iy
Renovation Roadmap: A step-by-step procedure 52240

B Replacement measure for local renovation requirement EEWarmeG Baden-
Wirttemberg

B Residential buildings: Can replace part of RES requirement (from 15%
RES to 10% RES)

B Non-residential buildings: Can replace 100% of RES requirement
® Individual step-by-step renovation plan for a building
B Currently no check concerning realisation of measures over time

SANIERUNCFAHRPLAN

: i

LBl
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Energy Renovation in Germany:
Renovation Roadmap:

S

Nl R0

A step-by-step procedure &5 22

annual energy costs (calculated and
measured), annual CO, emissions

Step-by-step renovation: Example with

SANIER HRPLAN 03
(Alle Zahlen nur beispielhaft)
UBERBLICK .
Today:
[ G W Jihtliche Energiekosten M Enectnet
H Aktueller Verbrauch H
E (etzta 3.Jahie) E
u M Jahriicho C0,-Emissionen u
T 9.100 kg T
Sanlerung In ainem Zug
Sie kiinnan dia Sanisrung in sinem Zug umsstzen. Dies erspart mehifache Kosten fiir Baustsllensinrichtung. versinfacht
die Schnittstellen und Bauausfiilmung und ermdglicht sine optimale Ausnutzung von Frdermitteln. Allerdings milsssn
airzelne Bautailavor Enda der Labansdauer smeusrtwerdan. Sie erhalten dann eine Gasamtfirderung von 24.000 Euro.
Schrittwelisa Sanlerung
Sie kiinnen dia Sani durchfilhran. Hier schiagan wir Ihnen eine optimale Reiban-
folgavor. &ufSl\ndS\ lBsan Sis,was S d bei beachtsn milssan.
Gas-Brennwartkessal Investition/davon fir 16.000 £/9.500 €
mit Blogas-Antail, EnerglesparmaBnahmen
KlainmaBnahi
nmasnEamen Fordsrung 1500€ t 1 .
Step 1.
Empfohlener Zaltraum 2015-2018
Dachdimmung, Investition/davon fir 44.500 €/25.500 €
Solaranlage, EnerglesparmaBnahmen
KlsinmaBnahmen Ford 200 S 2 .
erung
N tep 2:
Zeltraum 2025
B Wirmadammung Investition/davon flir 30.500 £/18.600 € Ste p 3 .
.Iullmmd, EnerglesparmaBnahmen
3 Férderung 2780 €
Empfohlener Zaitraum Sobald umfangreiche Putz- Ste p 4 .
ernauarung arforderlich
Holzpnlmunl Investition/davon flir 19.000 €/12.500 €
iter
Férderung B0 €
Zaltraum 2037 oder wenn Ste p 5 .
Kossel defokt
Li#tung mit Invastition/davon fiir 7.000 £/7.000 € AI m .
Enerale Anah .
Férderung 200 €
Zeltraum bald
.I§I| licha Ziel {ohne Enaryiepraissteigerung) M Ervachret, in heutigen Praissn
Einsparung geganiiber heuts Z
| Jihdiche Emrﬂ kosten Ziel (mit 3.5 ¥ Energiapreisstaigerung, 2030) |
L Jahrliche CO,-Emissko nen (mit heutigam Strommix) L

investments, financial support,
recommended period of time

Gas condensing boiler with partly
biogas

Insulation of roof, solar thermal system
Insulation of wall, window replacement

Wood pellet boiler (exchange of gas
condensing boiler)

Ventilation system with heat recovery

annual energy costs without and with
energy price increase (3.5%), annual
CO, emissions
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Energy Renovation in Germany: STUTTGART ‘ &
City of Stuttgart‘s retrofit standard QUALI
Including quality control

®m City of Stuttgart has developed its own retrofit standard including the
following steps offered by the city’s energy consultancy office to ensure a
qguality control:

M initial consultation for free
energy diagnosis

expert network with trained architects, engineers, craftsmen of different
trades

information on possible funding programmes
construction supervision

energy performance certificate

training courses for professionals
information events for building owners

B City offers investment subsidies of up to 100 €/m?2 for energy renovation of
buildings (can be coupled with Kf\W and BAFA)

B Information on quality control: IEE QUALICHeCK
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http://www.qualicheck.eu/

The District Energy Concept Adviser

INTERNATIONAL ENERGY AGENCY IEA ECBCS Annex 51: Energy Efficient Communities
Bujdngs & Gommonty 1
Systems Programme ~\._-

Case Studies and Strategic Guidance for Urban Decision Makers

District Energy Concept Adviser

Click on a flag to start the tool

—_— ¥l a2= -— 11 =

T
+
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‘ DistrictECA - Example_case_B_central_11_02_13

File Navigation

Options  Help

Energy Assessment of Districts

|| BHU Cogeneration | pHU 2 boilers |

External
supply

Local supply

Building demand

Office

Super-
ma?ket

£ BV Y
§ 1§

Y, By,

Primary energy

[kiwhfm?a]

Delivered energy |

[kithfm2a]

Results per square meter ||

(] Show labels

¥ Scale dynamically

Max. energy value | 1.000,00 | kiWh/m2a

Total primary energy (non-renewable): 204 kWh/m2a
Total delivered energy: 172 kWh/m2a

40 6;) 12‘0 IELD
CO2 equivalent emissions: 52 kg/m2a
Renewable energy ratio: 29 %

University - lecture  Office building with
hall reqular windows

alass fronts

Supermarket Hotel

I waste heat
I Geothermal

] wind
I Micro CHP
I Electricicy
M Gas

————

-

| Archetypes | v |

Ambient energy [l o

District cooling
[ District heating
B Biomass
PV [ Biogas
I Biofuel
W waste

77 Renewable fed into e-node.

Solar thermal
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File

Building parameter

Navigation Options Help

I | (v

* (1) Building information

| Edit district. | R{

eration | DHU 2 boilers

DHU Cogen

Ext Name

su

Archetype
| File with detailed information

-
o

| Net floor area

Space heating system

oll__

Llomd coimbma v oo b i

(3) Solar water heating
Type of solar thermal system

Collector area
Collector orientation

Primary en - S 1.
tnim= Callector indination

Delivered energy
[kwhfmza]

v Eneray carrier of space heating

Office b

e YE3I Of cOnstruction/ insulation level

(2) Heating + hot water systems

Constant-tempel

Low-temperaturt

No solar thermal |
Hot water heatin

(4) ventilation

(5) Cooling system

Share of cooled area

(6) Electricity consumer

Lamps

50 ()| %

Fluorescent lamps with elect. ballast | |

(7) Renewable electricity generation

\#| PV system available
PV collector area

PV collector orientation

PV collector indination

30,00 m2

South |+ |

15° | %

Solar supported | | | Wind power generation available

‘ Energy

-40 a

Total delivered energy
Delivered energy related to net flo

Disk area
Hub height

Use of renewable electricity

0.00]| m2

0,00 m

Feed-in only |+ |

 Self-consumption only

Priority self-consumption
Optimized self-consumption
Feed-n only

|
|
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Example of an assessment with the District ECA:
Stuttgart-Burgholzhof

Energy Shares [ MWh/a ]

10000
9000
8000
7000
6000
5000
4000
3000
2000
1000

Monitoring

District ECA

Solar contribution
m Gas consumption

m Building energy use for
heating and hot water

i E:ut;;'l':l Local supply Building demand ) b/
i o S,
: e e
: o
g
Power m?. e

Gas DHU| |

(Y - N

whade a4 i

w S0 ) o o 10000 s
Total primary energy (non-renewable): 13221 MWh/a CO: equivalent emissions: 3347 t/a
Total delivered energy: 9461 MWh/a Renewable energy ratio: 10 %
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Present and future of the District Energy Concept Adviser

( Oo@
B Downloads: @O/h/
656 downloads of the international version N ‘&h/
1065 downloads of the national version ,EnEff:Stadt Ene‘rg.afé/;;ve\pt-
Berater fur Stadtquartiere” ‘»{C/i@"
B Applied in the German BMWi research initiative EnEff:Stadt O@ C;@
Berlin Adlershof D

Neckarpark Stuttgart

m Applied for other energy concepts of neighbourhoods (KfW, community
planners)

B Tested by the University of Wuppertal

® Further development (costs, additional countries, additional
technologies) within EU MODER: cooperation with Sweco and VTT
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Focus on Apartment Buildings
with multiple Ownership

M EU IEE project LEAF: Low Energy Apartment Futures
M Buildings with multiple ownership have a low renovation rate
@ Project offers:
Case studies
Motivation toolkit in 6 languages
Technical toolkit in 6 languages
What is an energy performance certificate?
Recommended measures -> investment cost database, payback
User behaviour influence on energy use

Other energy saving opportunities: lighting, elevators, household
equipment, common lighting (stairways, external lighting)
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Energy Performance Assessment Procedure for the ‘} %_33
Building Stock of the Federal State of Baden-Wirttemberg &L %"

T,
1

7/1

M Building stock is very diverse: office buildings, schools, theatres, police
stations, jails, courts, town halls etc.

M Structured process for:
Building inspection and data acquisition
Energy assessment
Development of energy saving measures
Documentation
Tools, checklists etc. -> building profile
Each building is assessed by a consultant according to the procedure
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